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Abstract

MECHANISTIC STUDIES OF ALKYLATION OF COBALT(!)
BY
CYCLOPROPYL DERIVATIVES

by

LAILING MAGDALENE SOONG

Un<ler the supervision of Professor D. H, Buchanan

A second order nucleophilic substitution reaction with
retention of configuration is predicted by Ugi and co-workers
if electrophiles such as cyclopropyl, cyclobutyl, or cyclopentyl derivatives undergo substitution under conditions
where the SN2 process is faster than the competing SNl process.

A synthesis of both cis and trans-7-chlorobicyclo (4.

1.0) heptane from olefin and dichlor~carbene is described.
The compound, bicycle (4. 1.0) heptylpyridine (bis(salicylaldehyde)ethylenediiminato) cobalt(III), which contains an

{t)

alkylcobalt u'-bond, is obtained from the reaction of pyridine
(bis (salicylaldehyde)ethylenediiminato) cobalt(!) and 7-chlorobicyclo (4. 1.0] heptane.

The great light sensitivity of

this compound has prevented its isolation in purity sufficient
for nmr analysis of stereochemistry.

Observations of thin layer chromatography and several
purifications of alkylcobalt(III) compounds are described
along with suggestions for further work.

(ii)
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INTRODUCTION:

In previous work dealing with the mechanistic aspects
of cobalt(!) supernucleophiles it was speculated by Ugi 1
tha_t cyclopropyl, cyclobutyl, and cyclopentyl electrophiles
might undergo nucleophilic substitution reactions with retention of configuration.

The highly unusual organometallic

chemistry_of cobalt in vitamin B12 and its derivatives can
be used to investigate the mechanism of the nucleophilic
substitution (SN2) reaction (eq 1) by which

Nu-+ R-X

------------------->

Nu-R + X

(l)

a nucleophile (Nu-) displaces a leaving group (X-) from a
small ring electrophile (R-X).

Studies into the nature of SN2 and related reactions
by Hughes and Ingold 2 initiated the entire field of physical
organic 'chemistry 3. In the classical SN2 · mechanism (Scheme
l) the trigonal bipyramidal species

1 is _a

transition state

with apical entering and leaving groups. That is to say X,
the most electronegative ligan.d is always apical.

\

(1)

X

X

Nu- +

I
0/t-··-A

I

kl

k2

1'"'8

Nu

B

l

,,,A

D-C'

2

3a
A
D

/

""- ,,:,_.s
C

I

+ X-

Nu
4

Scheme 1:
A, B, D

5

Nu= nucleophile, X = electronegative leaving group,

= lignads.

It was postulated by Ugi 1 that 4 arises not only from 3a
but from the isomers 3b - 3d (pentacoordinate carbon compounds
with the more electronegative ligand in the equatorial plane)
as well.
Nu

I

x-c .,,'

"A

D

A

B

3b

3c

3d

(2)

,,D

In the event that 3b - 3d are to be preferred over the
isomer~' the absence of sufficient leaving properties of
ligands A, Band D would still prevent 3b - 3d giving a
substitution process ·by apical departure. However, BPR or
1 4
·
TR processes ' (BPR = Berry pseudorotation, TR= turnstile
rotation) reorganize intermediates with an apical leaving
group . These processes transform 3b -

~

into pentacoor-

dinate molecules which with an apical departure of

x-

lead

to configuration retention(§.).

Nu

I
~C·-----A
D

\
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It is known that complexes of cobalt with bis(dimethylglyoximato) ligand (cobaloxime J_) and its naturally occurring
analog, vitamin s12 (cobalamin 6- 8 ) are the most nucleophilic
compounds known. The structure of cobaloxime is whown in 7.

(3)

axial organic group

7

The highest occupied orbital in the reduced cobalt
species is the antibonding d 2 orbita1 7 ' 9 , whos~ directional
z
characteristics and high charge density are responsible for
the high nucleophilicity perpendicular to the plane of the
molecule. The axial coordination of a strong electron donor
to the planar tetracoordinated Co(I) ion is expected to increase the antibonding character of the 3d

z2

orbital and

could therefore have the effect of increasing the nucleophi 1i city.

On the other hand, if the axfa 1 1i gand possesses

low-lying unoccupied rr or d orbitals, the nucleophilicity
of the Co(I) ion may decrease due to electron back-donation
to the axial ligand via the dxy' dyz orb~tals.

Recently the reactions of powerfully nucleophilic Co(I)
derivatives of vitamin s12 (vitamin s ), cobaloximes, and
125
other Co(I) chelates with alkylating agents (alkyl halides)

(4)

follow an SN2 mechanism10 with inversion of configuration 11 .
The reactions of the Co(I) nucleophiles with primary alkylating agents are known to yield n-alkylcobalt complexes in often
quantitative yields, whose chemical and physical properties
are well documented 5 ' 12 .

Cobaloximes(I) also react with se-

condary alkyl halides forming sec-alkylcobaloximes, but most
tertiary alkyl halides react without allowing the isolation
of t-alkylcobaloximes.

The instability of t-alkylcobaloximes

is undoubtedly due to steric hindrance, which is even more
dominant in the cobalamins.

A free-radical mechanism, though less likely in the
systems involving the Co(I) nucleophiles, must be considered
. poss,'b·1
.
'th as been sown
h 12- 14
as an a1terna t ,ve
, ,·ty since,
that the reaction of pentacyanocobalt(II) with alkyl halides
is likely to proceed in the analogous fashion. As a previous
report 10 indicated, when cycloalkyl halides react by a freeradical mechanism, under a wide variety of conditions, the
relative reactivities of the halides remain roughly constant.
The variation of reactivity with ring size is readily explainable by. the I strain theory 1.5·.

For a new series of stable organocobalt compounds chelated ·

(5)

with planar tetradentate ligand system such as bis(salicylaldehyde)ethylenediiminato complexes of cobalt 16 - 22 (see
structure 8) stabilization of the cobalt-carbon bond results
from the proper stereochemical arrangement of the ligand
(approximately in the x-y plane) and participation of electrons of the cobalt atom in then orbitals of the conjugate
system of chelate rings (metal-ligand donor bonds). The
electrons ~f the conjugate systems of ligands interacts
more strongly with the p2 , dxz and dyz electrons of the metal
giving

molecular orbitals while the d 2 , d and d 2 2
Z
xy
X -y
electrons are mainly involved in the metal to ligands D"' bonds
in the x-y plane 16 .
7T

8

As a consequence of the above interactions, the energy
and overlapping of the appropriate orbitals of the metal on
the z axis are properly adjusted to give stable O"'-bonding
molecular orbitals, with alkyl or aryl groups.

(6) ·

The existence of stable, apparently pentacoordinated
species (RCo(salen))

(salen = bis(sal icylaldehyde)ethylene- ·

dtiminato) s~ggests that the influence of the sixth ligand
on the z axis is not essential in the stabilization of the
cobalt-carbon bond.

Studies of the chemistry of vitamin B12 mode l compounds
and the mechanism of alkylation of Co(I) would start from a
cyclopropyl derivative.

Such alkylation agents were pre-

pared, and several alkylations of Co(I) by these compounds
are described.

(7)

RESULTS AND DISCUSSION:
A new catalytic two-phase reaction 23 for the preparation of dichlorocyclopropane derivatives via the addition of
dichlorocarbene to olefin w~s used to prepare 7,7-dichloronorcarane.

When the olefin was added to chloroform in a

concentrated aqueous sodium hydroxide solution in the presence of triethylbenzylammonium chloride (TEBA chloride) as
a-catalyst, dichlorocarbene was formed and reacted with the

olefin present in the organic layer.

0

+. : CCl 2 - ------------ - --~

(\rvCl

lyV'c1

(3)

After extraction and drying, a very pale yellow solution
was obtained.

The yields obtained by this method were

about 62%

This procedure for the generation of dibromocyclopropane
derivatives from bromoform and olefin involved 24 - 96 hours of
reaction and was improved by S.kattebJfl, Abskharoun and Grei brokk 24 .
For this tedious work, addition of minute amounts of ethanol

(8)

.to the reaction mixture resulted in considerably increased
yields of dibromocyclopropane derivatives.

However; the

yields seldom exceeded 50%.

The reduction of dichloro- and dibromocyclopropane
derivatives to monochloro- and monobromocyclopropane derivatives could be effected in good yield with tri-nbutyltin hydride which was prepared by the reaction of trin:butyltin oxide with polymethylhydrosiloxane (PMHS) and
Azobis(isobutyrylnitrile) (2,2'-Azobis(2-methyl-propionitrile), AIBN) as a catalyst 25 .

2RXH + 2Bu 3SnX +
.

11

MeSiO

11

{4)"

3/2

Reduction of halocarbons is believed to proceed by the
following radical chain me~hanism26 .

Sn-

RX

--------------~
--------------~

SnX + R.

(6)

SnH

--------- ·----),,

RH

(7)

SnH

+

In.

Sn.

+

R·

+

(9)

+

+

InH

Sn·

(5)

A mixture of cis and trans isomers of monochloroand monobromocyclopropane derivatives was formed according to the procedure of Grady and Kui,vila 25 .

Ia.

X = Cl

b.

X = Br

.

x

Ila.

X = Cl

"-H

b.

X = Br

O>

••

Attack by the bulky tri-n-butyltin radical would be expected
to occur at the less hindered C-X bond, which is cis with
respect to the two cyclopropane hydrogens of dihalocyclopropane derivatives. Attack by tri-n-butyltin hydride on
the resulting radical (leading to product and a new trin-butyltin radical) then would occur, with the hydride
having the po~sibility of attacking on either side of the
cyclopropyl ring.

In term$ of either a .planar or a rapidJy

inverting radical center, steric factors hindering approach
of the bulky tri-n-butyltin hydride seem to outweigh all
other considerations in view of the observed cis - trans
ratio ·in the product.

The ratio for a mixture of isomers
(75% yield) Ila and Ia is 2: l (lit 25 1.8: 1) from vpc .

As in the case of the dichloro- analog, a mixture of isomers
(84% yield), lib and lb in 2.3: l (lit27 2.5 : 1) molar
.
ratio, resulted when 7,7-dibromonorcarane was ·reduced by

( 1.0)

this procedure.

Separation of a mixture of cis and trans isomers (Ia
and Ila) was accomplished by vacuum distillation under reduced pressure through a ·one meter Teflon spinning band
column with a drop per 30 seconds take-off rate . The boiling range of cis-7-chlorocyclopropane derivative (Ila) is
48 - 49° at 14 mmHg and the trans-7-chlorocyclopropane
derivative (Ia) is 47 - 48° at 14 mmHg.
The cyclopropane hydrogens gave an A2x system in the
nmr spectrum with values of JAX= 3.5 cps for the isomer
obtained in smaller yield (Ia) and JAX= 8.0 cps for the
other isomer (Ila).

Assignment of these structures is

based on the correlation of the larger coupling constant
in the cyclopropane system with the cis structure28 , 29 .
The nmr spectra for mixture of isomers ( Ia and Ila), ci s- ··
chloride (Ila) and trans-chloride (Ia) .are shown in ·
Figure I, Figure II and Figure III respectively.

The par-

tial expanded nmr spectra of the cis and trans isomers
are also shown in Figure IV and Figure v· respectively.

Stereochemistry of the afkyl cobalt comp.lexes will

(11)

Figure I.

Nmr Spectrum of 7,7-dichlorobicyclo (4. l.OJ heptane in cc1
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Figure II.

Nmr spectrum of cis~7-chlorobicyclo
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Figure III.

Nmr spectrum of trans-7-chlo~obicyclo (4. 1.0) heptane in CC1 4

--. i:,.

•

..

Figure IV.

Expanded nmr spectrum of d..s.:-7-chlorobicyclo (4.1,0) heptane
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be detennined from the H-H nmr coupling constants for.- the
(/..and~ protons of the ring.

Having on hand both cis and

trans starting materials and the cobalt derivatives of each
will allow for cross checking of assignments. Although it
is known that cobaloxime is a powerful nucleophilic reagent,
since cis and trans-7-chlorobicyclo (4. 1.0) heptane are
small rings with a hindered secondary carbon center, the
alkylation reactions of cobaloxime with these compounds did
not go very well (a very slow reaction) .

For the present

investigation the complex (co(salen)L 2 ]+Br- ( L = pyridine, salen = bis(salicylaldehyde)ethylenediiminato) was
prepared16 , 30 . There is increasing stabilization of the
assumed pentacoordinated cobalt species on going from dimethylglyoximato to bis(salicylaldehyde)ethylenediiminato
complexes of cobalt 16 . ·

· When

(co(III)(salen)L 2) +x- (L = pyridine, X = Br)

was reduced with 1% sodium amalgam (Na(Hg)) in anhydrous
tetrahydrofuran (TH~), an intense green solution was obtained17,18.

This green .solution Co(l)(salen) is a powerful

nucleophilic species which can react with electrophilic
centers such as RX (X = Cl, Br).

(11)

NaCo(salen) + RX

----------->

RCo(salen) + NaCl

(8)

Cis-7-chlorobicyclo (4. 1.0) heptane (Ila) was reacted
.

.

with Co(I)(salen) under an inert atomosphere in the dark.
A small amount of product was collected when. the products
were precipitated by the addition of pyridine-water (1%
pyridine) and filtered, washed with petroleum ether to remove unr~acted alkyl chloride, and recrystallized from
methanol-water {1% pyridine) in dim light.

The quantity

of products was .so small that the nrnr spectrum could not be
obtained.

A clear, green solution of Co(I)(salen) reacted readily
with isopropyl chloride in THF (1 hour reaction under argon
0

at o in the dark).

After evaporating the solvent THF from

the reaction mixture by aspirator, the brown-violet solid
was washed with chloroform, filtered and solvent evaporated
in dim light to give brown-violet crystals (73%yield).
Using the above procedures, a brown, gummy solid (59% corrected yield) was obtained when the reactions of Co(I)(salen)
with a mixture of Ia and Ila were carried out under argon
in THF for 12 hours in the dark.

Thirty three percent of

the starting material (alkyl chloride) was recovered.

( 18,)

· These crystalline products of pyridinato, isopropyl
cobalt(III)(salen) (compound l) and pyridinato, bicyclo
( 4.1.0) heptyl cobalt(III)(salen) (compound I) are impure

and extremely light and air sensitive in solution based on
thin-layer chromatography (TLC) analysis.

Both of their nmr

spectra show a large broad peak in the range b 6 - 8 indicated in Figure VI and Figure VII. Previous reports 20 of
photochemical decomposition in organometallic cobalt chelates
are shown in eq 2_ and eq ]Q.
h.>' , R'OH

R'O
Co(salen)·L

(9)

02
R
t
Co(salen) -L

+R'OH
h>'
+02
CoII(salen)

(10)

The crude isopropylcobalt(III)(salen) complex(l) was
purified by TLC (a square precoated glass plate, silica
gel F-254, 20 x 20 cm) developed with methanol-chloroform
(l : l) (dim light).

Three fractions were collected from

the silica gel by washing the three colored regions of the
plate with methanol, _filtering _and evaporating the solve·n t.

( 19)
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However, the complex is still not pure based on TLC analysis
and nmr spectra.

The filtration of both land£ in chloroform through
silica gel in. a fritted glass funnel by suction (dim light)
gave brown crystals.

These products are still not perfect-

ly pure hased on TLC and nmr spectra analysis.

The nmr

spectrum .of purified compound£ is shown in Figure VIII.

Purification of the crude product£ by chromatography
on a silica gel column (1.5 x 65 cm) using 35 g of silica
gel for 0.3442 g of compound at a flow rate of 10 drops/
min, fractions of 7 ml were collected by a fraction collector with successively increasing polarity of solvent
chloroform to chloroform-methanol (1 : 1) in dim light.
Several colored fractions were obtained and checked by TLC.
According to the position, TLC shows:

three different sfogle

spots (yellow-brown fractions), two connected spots (greenyellow fractions), and two separated spots· (green-brown
fractions) .

These three differently positioned single

spots are presumed to be three kinds of alkylcobalt(lII)
(salen) compounds with pyridine as a ligand.

The two other

kinds of double spots are predicted to be the alkylcobalt(III)

(22)

·,
Figure VIII:

Nmr spectrum of the cobalt compound of 7-chloronorcarane in CDC1 3 after
purifying by chromatography

-N

w

-

~

---,1..--1_,f.J\r.J·Y

vwJ·v··· ·

1'

Mwi\~N'-1t\/J.1,,,,.i~\1\fl\~1~)

~~/.M{ v1\~..,
1
1

.,

(salen) compounds with or without pyridine as a ligand.
Since the cobalt{!!!) complexes give green solutions in
non-coordinating solvents (CHC1 3 ), the solutions are
assumed to contain the five-coordinated species, RCo(sa len ).

The nmr spectrum of purified alkylcobalt(III)(salen)
compound£ (single spot on TLC) is shown in Figure IX.

The

positions of the protons of the imine and phenyl groups are
in agreement with those reported for diamagnetic cobalt(!!!)
complexes of N-substituted salicylaldimines 31 . The methylenic
protons of the ethylene bridge are at about~ 3 - 4 as in
previous reports 21 and are not affected. by changes in the
alkyl group or in the ligand trans to it.

The nmr spectrum

of compound 2 shows the signals .of the ·N=C!:!. and phenyl group
protons ati6 - 8, the broad ~ignal of CH 2 protons at r3 4, and the signal of the cobalt-bound alkyl group protons
.

at i 0.5 - 2.0.

Sometimes a signal of silicone stopcock

grease appeared near the TMS pos iti on.

It appears that the above complexes are suited for the
study of the trans-effect and for comparison with the results
recently published 32 , 33 on vitamin s12 . Using nmr, an

(24)
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indication of the ground state trans-effect can be shown in
the dependence of the chemical shift of the cobalt(III) axial
alkyl hydrogens in RCo(salen)L on the other axial ligand L.
A previous report 34 on the effect of the axial ligand on the
physical and chemical properties of the planar ligands, that
is, the cis-effect~ is reflected in the dependence of the
chemical shift of hydrogens in the corrin ligand in cobalt(III)
dimethylglyoxime complexes, in the nature of axial ligand .

. From elemental analysis, 57.79% C, 5.12% Hand 6.61 % N
was found. · Theoretical values for RCo(salen)py-CHC1 3 (R =
c7H11 -) are 56.28% C, 5.05% H and 6.79%. N. Although it is
impossible to assign the geometrical structure of compound

f. on the basis of elemental analysis and nmr spectrum, it
is evident that the products of alkylation of cobalt(I)(salen)
by 7-chloronorcarane are obtained and are difficult to purify.

Increasi ng the · amount of silica gel, elongating the
column, speeding up the flow rate or recrystallization of
alkylcobalt(III) compound may improve the purification.
Usi_ng both cis and trans-chloronorcarane for the alkylation
· of Co (I )(salen) may result in different products and elimi-

(26)

nate the possibility of having the same intermediate for
both reactions.

(27)

CONCLUSION:

The three member ring derivatives, e.g. 7-chlorobicyclo (4.1.0) heptane (cis and trans isomers) of known stereochemistry were prepared by standard means.

In the course

of synthesis of these alkylating agents, the separation of
cis and trans isomers was the most difficult part.

This

difficulty can be overcome by careful fractionation on a
Teflon spinning band fractionating column or by gas chromatographic collection.

This bulky alkyl halide was allowed to

react with stable- bis(salicylaldehyde)ethylenediiminato
complexes of cobalt.

The Co(I)(sale~) ..complexei =~ere air sensitive, thus
great care was required when conducting the alkylation reactions.

In spite of the efforts to minimize the exposure to

air, impure products were obtained and purification of the
alkylcobalt(III)(salen) complexes was required.

(28)

EXPERIMENTAL :

General . --

Infrared spectra were determined on a Perkin-Elmer
337 spectrometer.

Determinations of nmr spectra were

carried out with a Varian Model T-60 spe~trometer, using
carbon tetrachloride or deuterochloroform as solvent .and
tetramethylsilane as the internal standard.

Gas chroma-

tographic analysis was carried out on a Varian Model 920.
Preparation of 7,7-Dichlorobicyclo (4.1.0) heptane.-,.,
. . 23 .
Followe d ·a proce dure use d by Makosza an d ,awrzyn1ew1cz.
in a similar case:

To a mixture. of 40 ml {0~5 mole) of distilled chloroform containing 8. 2 g (0.1 mole) of cyclohexene and 30 ml
of ~0% aqueous sodium hydroxide was added 0.6 g of triethyJbenzylamnonium chloride (TEBA chloride) in a 100 ml
round-bottomed flask at room temperature . The mixture
was stirred and heated with a water bath on a .ho.t' plate·~at
45° for 4 hours, then diluted with 100 ml of water.

The

organic layer was separated frGm the aqueous layer and

(29)

dried with anhydrous sodium sulfate.

Evaporation of the

solvent gave a very light yellow liqu.id 10.2 g (62% yield).
The liquid was used without further purification.

Vpc (2 m x \ in, 5% FFAP, 110°, He 43 ml/min, tret

=

8.3 min) shows one large peak; the infr~red spectrum was
identical with that previously reported 36 for 7,7-dichloCCl
· robicyclo . ( 4.1.0 ) heptane; Nmr: 5 TMS4
l .O - 2.2 (complex

inultiplets).

Preparation of 7,7-Dibromobicyclo (4.1.0) heptane.--

This procedure closely followed that of the two-phase
system for the preparation of dichlorocyclopropane derivatives23 except minute amounts of ethanol were added to the
reaction mixture 24 , 37 . To a vigorously stirred mixture of
bromoform (50.6 g, 0.2 mole), cyclohexene (32.8 g, 0.4 mole
), ethanol (l.O ml), methylene chloride (20 ml) and 100 ml
of 50% aqueous sodium hydroxide, TE8A chloride (0.6 g) was
added in . a 250 ml round-bottomed flask at 20° (cooling with
ice water).

The reaction was stirred at ·45° for 24 hours.

The mixture was diluted with 250 ml of water, the organic
layer was separated and the aqueous layer extracted twice

with 25 ml portions of methylene chloride.

The combined

organic layers were washed with 25 ml of water, 25 ml of
dilute hydrochloric acid and again with 25 ml of water and
dried with anhydrous magnesium sulfate overnight.

The

solvent was evaporated and the residue was distilled in
vacuo using a short Vigreux column to give an ~lmost colorless liquid (35.0 g, 34.5%yield), bp 105 - 109°/20 mmHg
(lit 37 bp/mmHg, 89°/7).
Vpc (2 m x ~ in, 5% FFAP, 120°, He 42 ml/min, tret
min) showed ·one mjjor pe~k; the "ir spectrum was
identical with that previously reported36 ; Nmr: S ~~J4

= 18.1

1.0 - 2.4 (complex multiplets).

Preparation of 7-Chlorobicyclo (4.1.0) heptane.-Using the procedure of Grady and Kuivila 25 :

To a 1oo·m1 round-bottomed flask, equipped with a
powerful magnetic stirrer, pressure-equalizing addition
funnel and cold finger condenser, was added 7,7-dichlorobicyclo (4.1.0) heptane (10 g, 0.067 mole), polymethylhydrosiloxane (PMHS, 6.11 g, 0.094 equiv) and 0.5 g of
Azobis(isobutyrylnitrile) (AIBN)~ The mixture was stirred

{31)

at room temperature and tributyltin oxide (44.06 g, 0.074
mole) was added dropwise over 1 hour.

After the addition

was complete, the reaction mixture was slowly heated to
50° and stirred at this temperature overnight. The flask
was fitted with a distillation head and the mixture distilled at aspirator pressure (20 11111Hg).

Distillation gave

6.56 g (75%yield) of a mixture of cis and trans-7-chlorobicyclo . (4.1.0] heptane: boiling range 55 - 110° at
20 1t111Hg (lit25 56 - 58° at 11 mmHg).
Vpc (2 m x ~ in, 5% FFAP, 90°, He 43 ml/min, tret/l

= 6.8

min and tret/ 2 = 9.4 min) shows the presence of two
major components in the ratio of 2: 1 (lit 25 1.8: 1);
Nmr: 6 CCl4 0.9 - 2.2 (complex multiplets, 30 H), 2.6
TMS
{triplet;·r H) and ·3.·2 ' (triplet, : 2 ·H}.

The Separation of cis and trans Isomers of 7-Chlorobicyclo (4.1.0) heptane.--

Distillation of 36.36

g

of cis and trans isomers

through a one meter Teflon spinning band ·column with one
drop per 30 seconds take off rate at reduced pressure
gave two fractions:

(1) 6.2 g·, boiling range 48 - 49°

{32)

at 14 mmHg.

cc,

.

.=

Nmr S TMS4: 3. 2 (tri plet, 1 H) J

8.0 cps

and 0.9 - 2.2 (complex multiplets, 10 H), and (2) 3.4 g,
boiling range 47 - 48° at 14 nmHg.
plet, 1 H) J

=

Nmr 6~~14 2.6 (tri-

3.5 cps and 0.9 - 2.2 (complex multiplets,

10 H).

The spectra were identical to those previously
reported 25 . This would lead to an assignment of the cis
structure (fraction (1)) to the 7-chlorobicyclo (4.1.0)
heptane isomer formed in greater yield (J

=

8.0 cps) and

-

of the trans structure (fraction(2)) to the other isomer
with J = 3.5 cps.

Preparation of 7-Bromobicyclo (4.1 . 0) heptane.--

The above procedure was followed.

In a 250 ml round-

bottomed flask equipped with .a powerful magnetic stirrer,
condenser and drying tube was. p1aced 25. 4 g ( 0. 1 mo 1e) of
dibromide, 9 g (0.15 equiv) of silicone polymer, 44.5 g
(0.075 equiv) of tributyltin oxide and 1.0 g of AIBN at

o0 .

The reaction mixture was stirred at

o0

and stir~ed continuously at 50° overnight.

for 3 hours
The mi xture was

distilled through a short column at reduced pressure (bp
50 - 99° at 27 mmHg) to give 14.3 g (84%yield) (lit26
94 - 109° at 25 - 27 mmHg) .

(33)

0

.

Vpc ( 2 m x \ in, 5% FFAP, 90, He 50 ml/min, tret/l

= 9.1

min and tret/ 2 = 14. 4 min) shows two major peaks,
trans - cis ratio 1 : 2.3 (lit 24 1 : 2.5). Nmr 6~~~4:
1.0 .- 2.0 (complex multiplet, 30 H), 2.5 (triplet, 1 H)
and 3.2 (triplet, 2 H) {1it26 complex multiplet from 0.9
- 2.4, triplets at 2.58 and 3.19).

Preparation of sodium Amalgan {Na(Hg)).--

Sodium metal (3.0 g, 0.1305 mole) was cut in small
chunks and crushed under the surface of 400 g {30 ml) of
mercury in a 150 ml beaker in the hood.. There was a exothennic reaction with light and smoke evolution.

The

amalgam was passed through a pin hole in a filter paper into
a dry 50 ml Erlenmeyer flask and capped with a serum cap.

Na(Hg) (1 ml) was added to 25 ml of water, stirred
magnetically and reacted with 50 ml of standard HCl
(0.184 M) in a ·250 ml Erlenmeyer flask.

After all reaction

stopped; 2 drops of phenolphthalein solution were added and
the solution titrated with standard NaOH (0.202 M).
molarity of 4.72 was calculated for the Na(Hg).

(34)

A

Preparation of isopropylpyridine (bis(salicyfaldehyde)
ethylenediiminatoJ cobalt(III) (compound 1).--

All the apparatus used in this experiment was oven
dried.

The solvent tetrahydrofuran (THF) was distilled

from LiA1H4 and was stored in a glass stoppered bottle.
The method of reduction of the parent Co(III) complexes
ot Costa and Mestronil?,lB was used.

A 250 ml three-

-

necked, round bottom flask was fitted with an argon inlet,

magnetic stirrer, serum cap and side arm in which was
placed 7 ml (33 mM) of Na(Hg}.

In the flask, 6.8 g (12

mM) of ·(Co(~a1~ri)(C 5H5N) 2) · Br (salen =. bis(salicylaldehyde)ethylenediiminato) was dissolved and degassed in 130
ml anhydrous tetrahydrofuran (THF) with argon through ·

1Br was
2
prepared by Dr. D. H. Buchanan and was confirmed by nmr

a coarse fri t for l hour. (co (III) (sa 1en) (py)

spectrum.

Na(Hg} was decanted to the flask.

The solution

with undissolved solid was stirred under argon for 3 hours
at room temperature to give a deep green Co(I)(salen)
solution which was let stand for a half hour or longer.

A 500 ml two-necked, round bottom flask (wrapped with
Al foil) was fitted with an Argon inlet, magnetic stirrer,

(35)

and serum cap.

In the flask, 3.44 g (43.8 mM) of isopro-

pyl chloride in 10 ml of dry THF was degassed with argon
through a coarse frit in ice bath for 1 hour.

To this was

added 100 ml (9.23 mM) of clear deep green Co(I)(salen)
solution via a cannula.
argon l hour.

The solution was stirred under

Then the argon inlet was fitted with an

aspirator and the solvent was evaporated at aspirator
pressure (20 mmHg}.

A brown-violet solid was obtained

and washed with 50 ml of petroleum ether to remove unreacted chloride and dissolved in 150 ml of chloroform.

The

chloroform filtrate was evaporated on a rotary evaporator
{bath temperature 32°) to give brown-violet crystals (2.9 g,
72%yield) . A dark brown residue was left in the fritted
glass funnel.

Preparation of Bicyclo (4.1.0) heptylpyridine (bis(salicylaldehyde)ethylenediiminato) cobalt(III) (compound£),--

The above procedure was followed.

A mixture of cis

and trans-7-chlorobicyclo (4 . 1.0) heptane (1.2 g, 9.23 mM},
6.8 g (12 m~) of Co(III}(salen) complex and 6 ml (4.69 M,
28 mM) of Na{Hg} was used in this experiment. Solution of
a mixture of chloride with Co(f}(salen) was stirred mag-
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netically under Argon at room temperature foi 12 hours.
A brown, gunmy solid was obtained after evaporating the
solvent by aspirator.

The brown solid was washed with

50 ml of petroleum ether and the solvent evaporated on a
rotary evaporator to give 0.4 g of a light yellow liquid.
It was confirmed as the unreacted chloride by smell, vpc
analysi~ and nmr spectrum.

The dark brown residue was

washed with 250 ml of chloroform and the filtrate was
evaporated on a rotary evaporator to give dark brown crystals (1.8033 g, 59 yield). A brown residue was left in
the fritted glass funnel.

Thin Layer Chromatography (TLC) of Compound land Compound
2. :.

The pre-coated TLC sheets (FM reagents, Cat. 5539,
silica gel 60 F-254, 20 x 20 cm) were cut to pieces of
different sizes as required.
with

a solution of

The TLC plate was spotted

1 and 2 dissolved in chloroform at 0.5

. .

cm from the bottom by a capillary pipette. After drying,
the plate was placed in a TLC developing ·tank filled to
the 0.25 cm level with solvent (CHC1 3/MeOH, V/V 1 : 1).
The developer solvent rose to a height of 1 cm from the

(37)

top of the plate, at which time the plate was removed from
the tank and dried with a heat gun.

These substances were

detected by examination under a UV lamp, and appeared as
two dark spots, dark co 1or at the so 1ven·t .frorit ·and two
spots _near the ori gin • .

I
I

I

•

- I

..l

The TLC plate was washed with solvent (CHC1 3/MeOH,
V/V 1 : 1) all way to the top of the plate and dried with
a heat gun (cool wind, or air dry) just before using it.
The above procedure was followed.

Clear dark spots were

detected, and dark color at the -solvent frorit··disappear•
ed-.-

Using the ·above procedure, 0.03 g .of compound 2 was
dissolved in 40 ml of distilled chloroform and 10 ml of
this solution put into each of four different 25 ml
Erlenmeyer· flasks . These four flasks were prepared as
follows .at the same time:. . ·

(38)

(l) The flask was capped, wrapped with Al foil, and put
in the refrigerator.
(2) The solution was degassed with argon via a syringe
needle for 30 min.

The flask was not wrapped with

Al foil and put on the bench top .
(3) The flask was wrapped with Al foil and air was slowly
bubbled through it at room temperature.
(4) The flask was not wrapped with Al foil and air was
slowly bubbled through it at room temperature.
Examination by TLC of these four solutions with solvent
methanol -chlorofonn (l : 1) was made successively after
4 hours, 10 hours, 28 hours, and 52 hours.

Spots at the

solvent front were compared and the size of these four
spots were in the order of spot(l) >spot(3)>spot(2) >
spot(4).

The size of spot(l) was almost unchanged .from

the original solution.

Using a square TLC plate (9 x 9 cm), a single spot
of compound

_g_

was developed in the solvent as before and

the plate air dried.

The plate was turned 90° and deve-

loped in the solvent again.

A single spot at the solvent

front and one spot near the origin were found.

(39}

Purification of Compound

lEY Chromatography.--

All the processes in this experiment were in dim light.
The crude compound

l

(0.4 g) was dissolved in a minimum

amount of methanol (3 ml) and placed on a square prefabricated glass plate (EM reagents, Cat . 5766, silica gel
F-254, 20 x 20 cm) in a straight line 2 cm from the bottom
with a capillary tubing.

After air drying, the plate was

put in a developing cell which was wrapped with Al foil
and filled to the 0.3 cm level with solvent methanolchloroform (1 : 1). After development for 4 hours, the
plate was removed from the cell and air· ·dried.

Three

colored .bands of silica gel were scraped off by a spatula,
put into 50 ml methanol and stirred magnetically in 100 ml
Erlenmyer flasks for 20 min.

Filtration and evaporation

of solvent gave three crops:

(1) light orange-brbwn·

~

crystal, 40.5 mg; (2) orange crystal, 45.4 mg; (3) brown
crystal, 40 mg.

TLC with solvent methanol-chloroform:·

(l: l) showed crop .(l) ·was not pure .

Purification of Compound

£..QY Chromatography.--

All the processes in this· ~xperiment were in dim

(40)

light.

The crude compound

I (0.3 g) was dissolved in 10 ml

of chloroform, filtered through 40 g of silica gel in a
fritted glass funnel and washed with CHC1 3 (10 x 25 ml) by
suction. The elutions were evaporated on a rotary evaporator (bath temperature 32°) to give 10 mg of brown solid.
The product was checked by TLC and nmr spectra and shown to
be not perfectly pure.

The crude compound

I (0 . 3442 g) was purified by chro-

matography over a silica gel column (1.5 x 65 cm) using
35 g of silica gel in chloroform at a flow rate of 10 drops/
min.

Fractions of 7 ml were collected by a fraction col-

lector with . successively increasing polarity of solvent
(400 ml CHC~3, 2 ·x 300 ml df "l l MeOH/CHCl3, 2 .x 500 ml . of
2%Me0H/CHC1 3, 2 x 350 ml of 3%Me0H/CHC1 , and 2 x 300 ml
3
of 4% Me0H/CHC1 3). Different fractions and TLC analysis
with solvent methanol -chloroform (l : 1) were. obtained:
(1) fraction 1 - 20, colorless; (2) fraction 21 - 40,
light yellow, a single spot; (3) fraction 41 - 65, light
yellow, two connected spots; (4) fraction 66 - 72, light
yellow, a. single spot; · (5) fraction . 73 - -115, green=yellow, two connected spots; (6) fraction 116 - 195, light
yellow, a single spot; (7) fraction 196 - 302, light green-

( 41)

brown, two separated spots; (8) fraction brown-orange, impure
with a spot at the origin.
__ _ _J.2> ___ l3} __ _,l't'l_<S> __ l,I _..'71 __ ,iJ

0

aogooo

9

'

The amounts of fractions (2) and (4) (single spots)
were not enough to give an nmr spectrum.

Nmr spectra of

fraction (6) (a single spot), fractions (3) and (5) (two
connected spots) and fraction (7) (two separated spots)
were obtained.

Nmr:

f; ~~

1
3 6 - 8 (complex multiplet), 3 - 4 (broad)

and 0.5 - 2.0 (complex multiplets).

Anal Calcd.
Found:

C:

for c28H30N302Co ~CHC1/: C: 56.,28, H: ·5.05, :·N: 6.79.
57. 79, H:

5.12, N:

(42)

6.61.
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